Background: Soil erosion and nutrient depletion have been the major challenges in Ethiopia that adversely affect soil fertility and crop productivity. With the aim of curbing land degradation problems, efforts are underway on the implementation of soil and water conservation (SWC) practices. This research investigated the effects of SWC practices on soil properties and crop productivity in cultivated lands of Bashe micro-watershed, Wolaita Zone, Southern Ethiopia. Data were collected from five different practices viz. non-conserved land, physical SWC (2 and 5 years age); and physical SWC integrated with biological practices (2 and 5 years age).
Introduction
Land degradation in the form of soil erosion and fertility depletion is a major challenge in the Ethiopian highlands due to its adverse impacts on crop productivity, food security and natural resource conservation (Laekemariam et al. 2016; Teklu et al. 2018; Adimassu et al. 2017) . The principal causes are rapid population growth and improper land resources management and utilization which finally declining agricultural productivity (Laekemariam et al. 2016) . Erratic and erosive rainfall, steep terrain, deforestation, inappropriate land use, land fragmentation, overgrazing and weak management practices are among the factors that cause land degradation in the country (Osman and Sauerborn 2001) . The review paper by Adimassu et al. (2017) indicated that soil loss due to erosion in the Ethiopian highlands is between 42 and 175.5 t ha −1 year −1
. Other studies on crop fields have also confirmed that declining soil fertility and limited water availability resulted to low crop yields on Ethiopian highlands (Laekemariam et al. 2016; Adimassu et al. 2017; Teklu et al. 2018) .
In an effort to curb soil erosion and nutrient depletion, government of Ethiopia (GoE) in collaboration with local community and several donors have been implemented large national soil and water conservation (SWC) program since the 1970s (MOARD 2005) . The GoE, since 1980s, has supported rural land rehabilitation through watershed development approach; and management has moved from a focus on physical SWC to the integration of social, economic, and environmental development (MOARD 2005) . Welu and Solomon (2015) explained that soil bund, fanyajuu bund and deep trench structures are widely implemented physical SWC structures to conserve cultivated land from soil erosion.
Research efforts on the effects of SWC practices demonstrated that they may improve soil physico-chemical properties (e.g. Mekuria et al. 2006; Adimassu et al. 2017; Teklu et al. 2018) ; reduce soil loss by sediment trapping (Walie and Fisseha 2016) ; improve crop growth and yield (Walie and Fisseha 2016; Teklu et al. 2018) ; fodder yield (Kebede 2015) and farmers' income (Amede 2003 ). Yet, this generalization is coarse and inconsistent as there are different factors influencing the effectiveness of SWC practices. For instance, the potential of SWC practices to restore soil properties and result better yield would be influenced by age of structures (Mekuria et al. 2007; Dulo et al. 2017; Adimassu et al. 2017 ); integration of physical and biological activities (Fikir et al. 2009; Teklu et al. 2018) ; type of physical practices (Gachene and Kimaru 2003) ; and the soil fertility condition of the land at a time when treated with SWC measures. Thus, taking into account of soil-crop-and management type specific information is pertinent for sustainable implementation of soil conservation practices at field, farm and watershed level.
Damot Gale woreda (district) is located in Wolaita Zone, Southern Nation, Nationalities, and People Regional State (SNNPRS) of Ethiopia where soil erosion and soil fertility depletion have been a major problems resulting lower crop yields (DGWFED 2016; Laekemariam et al. 2016 Laekemariam et al. , 2018 . The mean soil loss on neighboring district (Delbo Wogene micro-watershed, Sodo Zuria district, Wolaita zone) was estimated to be 48.6 t ha −1 year (Abebayehu and Awdenegest 2015). With response to severe land degradation problems, the woreda in support of the government and non-government programs have been implemented watershed based soil conservation practices. Among watersheds, Bashe micro watershed is the one on which SWC activities have been undertaken since 2010 (DGWAO 2016) . Fanyajuu type of physical soil conservation practice is commonly implemented on farm lands following SNNPRS recommendation (SNNPRS Agr. 2012) . Moreover, to rehabilitate physical conservation biologically and also for other purpose, some farmers on embankments have been growing elephant grass (P. Purpureum), Sesbania sesban (S. sesban), Desho grass (Pennisetum pedicellatum), and peagon pea (Cajanus cajan) (DGWAO 2016) . However, information on the effects of SWC practices (alone, integrated and with age of practices) on soil properties and crop productivity has been lacking in Bashe micro watershed. Thus, the main objectives of this study are to explain the effects of SWC practices on (i) soil properties, and (ii) growth and yield of crop.
Materials and methods

Description of study area
The study was conducted in Bashe micro watershed (37°47′37.829″ E and 6°56′23.7″ N) which is found in Akabilo Kebele, Damot Gale district (Woreda), Wolaita Zone of Southern Ethiopia (Fig. 1) . The study area falls within the altitude of 1805-2601 m elevation range that receives an average annual rainfall of 800-1500 mm. The minimum and maximum mean temperature is 18 °C and 25 °C, respectively (DGWFED 2016) . The soil of the area is mainly covered by Nitisols. Damot Gale is the most populated district within Wolaita zone (CSA 2007) where the livelihood of farmers relies heavily on agriculture. Wheat (Triticum aestivum), teff (Eragrostis tef), maize (Zea mays), haricot bean (Phaseolus vulgaris), and field pea (Pisum sativum) are major crops grown in the area.
Total area of Bashe watershed is about 414.9 ha. The slope within watershed varies from 3 to 58% where majority of crop lands lay between 10 and 20% (DGWAO 2016) . Bashe watershed is characterized by problem of soil erosion, low soil productivity, low fodder supply, and intensive cultivation (DGWAO 2016) . Since 2010, with the aim of curbing soil erosion and soil fertility depletion within watershed, efforts are underway on the implementation of physical and biological soil conservation practices.
Treatment selection
Five different SWC practices were used as treatments in order to study their effects on soil properties and crop yield. These include: non-conserved land, physical soil conservation (2 and 5 years old); and physical conservation integrated with biological practices (2 and 5 years old). Preliminary field survey within watershed has been done in order to secure a good representation of the treatments having SWC practices of different age. Each practice had three replications in which they are located in the upper, middle and lower part of watershed. Thus, a total of 15 cultivated lands (5 practices × 3 replication) were identified for soil and crop data collection.
Soil sampling and laboratory analysis procedure
Surface soil sample (disturbed and undisturbed) were collected at 0-20 cm depth (Laekemariam et al. 2016 ) for determination of soil particle size distribution (PSD), bulk density (BD), soil pH-H 2 O, organic carbon (OC), and available phosphorus (AP). Soil samples were analyzed following standard procedures at Horticoop soil lab, Debre Zeit, Ethiopia. Soil BD was determined by using the core method (Anderson and Ingram 1993) . Soil PSD was analyzed by Bouyoucos hydrometer method (Bouyoucos 1951). Soil pH-H 2 O was measured using 1:2.5 soil to water ratio using pH meter (Van Reeuwijk 2002) . The Walkley and Black method was applied to determine the OC content (Walkley and Black 1934) . Available P (Olsen) was measured using sodium bicarbonate extraction solution (Olsen et al. 1954) .
Crop data sampling procedures
Wheat is one of major cereal crop grown in Bashe micro watershed during the main rainy season (June-September). Thus, improved bread wheat (variety 604) that was promoted by woreda extension system was taken as a test crop to evaluate the crop response on above mentioned SWC practices (i.e., treatments). The crop was planted with package of recommendations such as fertilizer [100 kg NPS (19-38-0-7SO 4 ) and 100 kg Urea (46-0-0)], seed rate (125 kg ha size was randomly assigned to three random spots (top, middle and bottom) of each crop land that was identified for soil data collection. The crop within each quadrant was harvested to record growth, yield and yield component parameters following standard agronomic data collection procedures. Plant height (cm) was determined from the base to the tip of the spike (awns excluded from 10 randomly selected plants). Spike length (cm) is part of wheat plant which is the length occupied by seed. It is measured from 10 randomly selected plants. ) was taken by harvesting and measuring sun dried weight from each quadrant and then converted to t ha −1
. Grain yield (t ha −1 ) was measured after threshing the seed yield from each quadrant and then converted to tons per hectare after adjusting to moisture content of 12.5%. Straw yield (t ha −1 ) was obtained as the difference of the total above ground plant biomass and grain yield of plants of randomly selected quadrat area then converted to ton per hectare. Thousand grain weights (g) was determined based on the weight of 1000 grain sampled from the grain yield of each treatment by counting using weight sensitive balance and weighed with electronic balance.
Statistical analysis
The effects of SWC practices on soil properties and wheat yield were evaluated using different statistical methods. Analysis of variance (ANOVA) was performed for crop data using Statistical Analysis System (SAS Institute Inc 2008). Soil data was subjected to descriptive statistics. When the effects of treatments were significant, mean comparison was performed using least significance differences (LSD) at 5% probability level.
Results and discussion
Soil properties Soil bulk density and texture
Soil bulk density (BD) (g cm
) was affected by soil conservation practices. It ranges from 0.96 g cm −3 (physical SWC for 5 years) to 1.10 g cm −3 (non-conserved crop land) ( Table 1 ). The lower mean BD value under integrated measures for 5 years might be the subsequent effects of reduced soil loss and crop residue through erosion; and addition of organic matter from plants. Similar results were reported by (Gebiresilassie et al. 2013; Dulo et al. 2017; Solomon et al. 2017 and Worku 2017 ) who indicated lower mean soil BD value in conserved farms than non-treated cultivated lands. Data regarding particle size distribution revealed dominantly clay textural class which implying that SWC practices (management) do not alter the soil texture. The result agrees with the finding of Lemma et al. (2017) who reported non-significant difference in texture due to SWC management practices.
Soil pH
Soil pH among conservation practices varied between 5.87 and 6.60. The minimum and maximum pH value was recorded from non-conserved land and integrated SWC practices for 5 years, respectively (Table 1) . From the result it was observed that the soil pH has shown an increasing trend with age and integration of SWC practices (Fig. 2) . These might be associated to the decrease of the loss of soil organic matter and exchangeable bases through soil erosion and runoff; and thereby increase soil pH. Pearson correlation matrix ( Table 2 ) also showed that organic carbon was positively and significantly associated with soil pH (r = 0.73**). The result is in agreement with different scholars who observed lower pH value from the non-conserved cultivated land as compared to conserved farms (Million 2003; Haweni 2015; Worku 2017; Solomon et al. 2017 ) that was attributed to the high soil erosion, loss of basic nutrients, relatively lower base saturation percentage and lower soil organic matter content. For instance, Worku (2017) reported that land with stone bund had higher soil pH (5.89 ± 0.038) than control (5.81 ± 0.043). Solomon et al. (2017) also recorded that soil pH in terraced cultivated land was higher (6.0) compared to non-terraced farm land (5.5).
Soil organic carbon
SWC practices influenced soil organic carbon (OC) of farm lands. The mean value of soil OC range between 1.34 and 1.74% in which integrated SWC established for 5 years had the highest value and the minimum was obtained on non-conserved land (Table 1 and Fig. 3) . Overall, it was noted that the longer the age of SWC practices and its integration with biological measures, the positive is its impact on soil OC of cultivated lands. This might show that SWC practices have a positive role in improving soil OC. The finding was supported by Million (2003) who reported higher soil OC on land conserved with fanyajuu for 5 years (2.21 ± 0.08) and 10 years (2.17 ± 0.1) compared non-conserved sites (1.96 ± 0.10) Table 2 Correlation analysis between soil properties and crop parameters ns not significant * Correlation significant at 0.05, ** at p < 0.01 (2017), Lemma et al. (2017) and Solomon et al. (2017) also showed a higher value of soil OC on farm lands treated with SWC; and with increasing age of structures (Dulo et al. 2017 ) when compared to non-conserved land. This implies that SWC measures restore eroded materials on their embankment.
Conservation practices BD (g cm
BD (g cm
Available phosphorus
Available P among different SWC practices was highly variable. It varies from 8.06 to 25.23 mg kg −1 (Table 1 and Fig. 4 ) that was recorded from integrated SWC for 5 years and non-conserved land, respectively. Integrated SWC established for 5 years had 2.13-fold more available P content than non-cultivated land. The result clearly depicted that the longer the establishment of SWC practices and its integration with biological measures positively influenced available P content of cultivated lands (Fig. 4) . It is clear that changes recorded in soil pH, restoration of soil OC and maintenance of externally added P by reducing soil erosion and runoff could result an increased available P on integrated and aged SWC practices. This is also supported by correlation matrix ( Table 2 ) that showed positive and significant association of available P with soil pH (0.62*) and OC (0.78**). According to Prasad and Power (1997) , available P is more in the soil when soil pH range is 6.0-6.5. The result was supported by the finding of Demelash and Stahr (2010) who reported that available P was observed to be significantly different in the treated cultivated land than non-treated cultivated lands. Tolera (2011) in addition confirmed that integration of physical and biological measures on cultivated lands resulted higher amount of available P than un-conserved cultivated lands. According to the author it was due to improved soil organic matter which increases P and protect from the removal and fixation. Table 3 depicts the effects of SWC practices on selected growth parameters of wheat crop. SWC practices significantly influenced (p < 0.05) plant height of wheat. The tallest plant (89.9 cm) was attained form integrated SWC with 5 years duration whereas the shortest plant (67.20 cm) was recorded from non-conserved cultivated land (Fig. 5) . The probable reason could be related to the effect of SWC practices on increasing soil moisture availability through increased infiltration and protecting washing away of essential soil nutrients as it was observed in soil analysis result ( Table 2 ). The reduced limitation of water and nutrients allowed luxurious vegetative growth of crops grown on plots with soil bunds, while those grown without soil bund switched to early senescence and maturity due to the possible terminal moisture stress (Abay 2011; Ferede 2018; Teklu et al. 2018 ).
Growth, yield component and yield of wheat Plant height
Total and productive of tiller
The yield of wheat crop is affected by different factors of which the number of tillers per plant has a vital position. The larger the number of tillers per plot area, the better will be the status of crop, which at the end results increased yield. Tillering capacity of wheat was significantly (p < 0.05) influenced by SWC practices. The total number of tillers per m 2 was varying from 482.73 under physical conservation for 5 years to 348.17 on non-conserved cultivated land in which physical SWC for 5 years resulted 38.6% tillering advantage than non-conserved cultivated lands (Table 3) . Data regarding number of productive tillers per m 2 showed the maximum value (469.13) that was obtained from integrated conservation for 5 years whereas the minimum (309.87) number was recorded from non-treated farms. In general, tiller formation increases with increasing age of SWC practices; (Fig. 6) . This corroborates the findings of Teklu et al. (2018) who reported higher tiller number per plant of wheat grown with soil bund.
Biomass
The use of SWC practices significantly increased biomass yield of wheat (Table 3 ). The maximum total biomass from integrated SWC for 5 year was 11 t ha −1 which is 85.5% more than the minimum from non-conserved farm (5.93 t ha −1 ). The longer the establishment year of SWC practices and corresponding integration with biological measures has resulted corresponding advantage on biomass yield of wheat (Fig. 7) . This might be due to the fact that SWC practices reduced run off loss of nutrients; and improved access of plants to both water and nutrients due to improvements in soil properties such as infiltration rate, moisture retention and nutrient availability. These contributed to increased plant height, tiller production and spike length, finally leading to increased biomass yield as compared to the control. This is also supported by Pearson correlation matrix ( Table 2 ) that showed significant association of biomass with soil BD (− 0.85**), plant height (0.90**), productive tillers per m 2 (0.74**) and spike length (0.94**). The result of the present finding on biomass yield agrees well with the result of Teklu et al. (2018) who reported that higher biomass yield of wheat, maize and ground nut crops grown on fields supported by soil bund as a result of better soil moisture retention and supplying of water to the crops. In addition, Ferede (2018) observed 29.2% and 36.8% biomass increment on maize due to soil bund, and interaction effects of soil bund and intercropping, respectively. Higher sorghum biomass yield on terraced site compared to non-terraced site in Northern Ethiopia was also reported by Alemayehu et al. (2006) .
Grain yield
The end goal of crop production is maximizing yield, which is cumulative function of individual yield components in response to improved seed and management practices. Grain yield of wheat was significantly (p < 0.05) different due to SWC practices that vary between 2.47 t ha −1 (non-conserved land) and 4.27 t ha −1 (integrated SWC for 5 years) ( Table 3 ). The maximum grain yield was 72.9% more than the yield obtained from untreated farms. Construction of SWC with time and integration with biological activities result in a successive increase in grain yield of wheat compared to non-conserved plot (Fig. 8) . The improvement in grain yield due to SWC practices might be related to the enhanced water availability until grain filling stage, reduced runoff, increased infiltration and enhanced nutrients availability that might give extended time for increased photosynthesis, nutrient uptake and grain filling, and finally resulted in better yield components and grain yield. This is also evidenced by a significant association of grain yield with soil BD (− 0.70**), biomass yield (0.88**) and yield components ( Table 2) . The results are in accordance with Alemayehu et al. (2006) , Abay (2011 ), Ferede (2018 , Teklu et al. (2018) , Tugizimana (2015) and Adimassu et al. (2014) who found substantial grain yield increment on lands with SWC measures compared to non-conserved land. Similarly, Eshetu et al. (2016) reported up to 87% maize grain yield advantage by using fanyajuu than without treatment.
Conclusion
It is concluded that SWC practices have positive impacts on soil fertility and crop productivity of cultivated lands. From agronomic view point, this is also justified by 72.9% more grain yield advantage from integrated SWC practices established for 5 years over non-conserved land. This might be attributed to reduced runoff, retained moisture and enhanced nutrients availability during growth time that is leading to improvement of soil properties and grain yield. It is fact that the changes on soil properties and yield become increasing when physical works are integrated with biological practices and with increasing age of establishment. Additionally, stabilizing physical SWC structures by planting multi-purpose grasses/plants would also benefit farmers by providing fodder/fuel. Thus, this study recommends the use of integrated SWC practices. Yet, further studies on other crops yield performance and cost effectiveness of SWC practices are suggested. Furthermore, identification of best grass/plant type that can stabilize the bund and provide added benefits to farmers should be investigated.
Abbreviations BD: soil bulk density; OC: organic carbon; OM: organic matter; PSD: soil particle size distribution; SWC: soil and water conservation.
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